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STUDU.S OF TIIL CLLAVAULS AND STAUll.ITILS OF 
CAUbODYURATt Ll'OXIDtS AND LPIM1NLS
A b s tra c t  o f  D i s s e r t a t i o n
A novel epoxide r in g  opening o f  benzyl 3 , ' l -a im ydro-2-be ii :y lox-  
carbonylara ido-2-deoxy-l)-U-u llopyranosidc(I)  was e f f e c te d  by plienylboronic 
anhydride  in to lu e n e .  Olio o f  tlie p roducts  was demonstra ted  to  bo hunzyl 
2-ben:yloxycarbonylamido-2-dooxy-4 ,6-(l-phonylboronate-l i -U-gulopyrnnosido. 
Anotiicr p roduct  i s o l a t e d ,  while  not i d e n t i f i e d ,  had the  p r o p e r t i e s  o f  an 
anhydro-sugar  d i f f e r e n t  from the s t a r t i n g  compound(l). benzyl u -O -a cc ty l-  
2 -bcnzyloxycarhonylam ido-2-deoxy-b-D-a llopyranosidc(11)  a l s o  underwent 
epoxide r in g  opening in  n re a c t io n  with plienylboronic a c id .  An i s o l a t e d  
p roduct  had the  p r o p e r t i e s  o f  a benzyl 2 -bcnzy loxycarbonylamido-2-dcoxy-U- 
iicxosidc d i f f c r n t  from compounds i s o l a t e d  in  the ro a c t io n  o f  1 with  the 
phcnylboronato .  This in d ic a te d  the  n e c e s s i ty  f o r  an u n s u b s t i t u te d  0-011 
group in  o rd e r  f o r  the  boron compound to be involved in  the  r in g  opening. 
Supporting  t h i s  view i s  the lack o f  r e a c t i o n  botween the  b locked benzyl 
2 ,3 -an h y d ro - ' l ,o -0  -benzylidcnc-o< -U -u llopyranosido  and plienylboronic  unhydrido.
The 2 ,3 -epox idc  r ing  o f  bonzyl 2 , 3-nnhydro-4,0-O-bonzylidunu-iX - 
D -n llopyranos idc (111) was shown to lie remarkably s t a b l e  in n r e a c t io n  with 
boron a c e ta t e  in n i t ra m eth an c .  The product  had r e ta in e d  th e  2 ,3 -epoxido  
r in g  under c o n d i t io n s  t h a t  removed the  hcnzylidcnc  group.
T r im e th y l s i l y 1 azidc  was p repared  in  good y i e ld  in  a mild and 
d i r e c t  method. The az idc  was then used to p repare  a new, low-m elt ing ,  
compound by s i l a t i o n  o f  the 6-011 group o f  1. The epoxide r in g  remained 
s t a b l e  under these  c o n d i t io n s .
The epiminc r ing  o f  benzyl <1,0 -U -bcnzy l idcnc~ 2 ,3 -d ideoxy-2 ,3- 
opimino-a( -U -a llopyrunosidc (IV ) was found to  be u n r e a c t iv e  with phcnyl-  
b o ro n a te .  However IV was dcominated with UNO, to  give the 2 ,3 -u n s a tu ra te d  
d e r iv a t i v e  o f  IV. This d e r iv a t i v e  was then c is -h y d ro x y la tc d  w ith  KHnU^  
t o  g ive  benzyl 4 ,6-O-benzylidene-oi-O-mannopyranoside.
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CHAPTER I
INTRODUCTION
The ring  opening reactions which epoxy-sugars undergo make them 
v e rsa tile  and valuable Interm ediates fo r the preparation of epimeric 
sugars. The epoxide rings are usually opened by reagents th a t are 
e ith e r  strongly basic or strongly acid ic . In many cases the p a rtic u la r  
sugar derivative contains functional groups th a t would be cleaved by 
strong acids or bases. I t  would be convenient to  have reagents th a t 
are e ffec tive  In cleaving epoxides and a t the same tin e  unreactive 
toward other functional groups.
The purpose of th is  study was to  te s t  the re a c tiv ity  of sugar
epoxides toward novel, ring-opening reagents. The study is  especially
concerned with the opening of the epoxide ring  of benzyl 3}^-anhydro-2-
benzyloxycarbonylamido-2-deoxy-p-D-allopyranoside, which has been found
to be quite  stable.'*' These reagents were also used In a conparative
study of the rea c tiv ity  of epimlno rings of sugars. Epimino rings react
in  a manner analogous to  epoxide rings. They have also  been found to  be
2 15quite  stab le  in  sugars. *
When sugar epoxides with pyranoid rings are cleaved the possible 
products depend upon the configuration of the sugar molecule and the 
conformation In the tra n s itio n  s ta te  of the reaction . Generally the 
p referred  conformation in  the ground s ta te  is  the C 1 chair conformation 
which can be represented by p-D-glucopyranose in  which a l l  substituen ts 
other than H are equatoria l in  the stab le  conformation (Figure 1). The 
pyranoid ring  has two chair conformations, but may be locked in  one
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Conformational Formulas of 
Various Carbohydrate Compounds
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chair conformation by fusion trans to  another ring  system. The pyranoid 
ring  of 4 ,6-0-benzy lidene-|J-D-glucopyranose is  fixed in  the C 1 chair 
conformation by fusion to  the benzylidene group. In benzyl 3,6-anhydro- 
p-D-glucopyranoside the conformation Is  a lso  fixed. In th is  case the 
chair conformation i s  1 C, and a l l  substituen ts other than H are ax ia l.
I f  the pyranoid ring  is  fused c is to  another ring  then s te r ic  factors 
favor the C 1 conforration. The pyranoid ring  in  th is  type of system 
is  somewhat re s tr ic te d  in  f le x ib il i ty ,  but not to  one conformation, and 
1^,6-0-benzylidene-p-D-galactopyranose i l lu s t r a te s  th is  c a s e . 3 An epoxide 
ring  is  always fused c is  to  the pyranoid ring , and the pyranoid ring  is  
then considered to  be in  a "half-chair" conformation/* Our s ta r tin g  
m aterial, benzyl 3j^-anhydro-2-benzyloxycarbonylamido-2-deoxy-p-D- 
allopyranoside, has such a h a lf-ch a ir conformation.
When ammonia is  used to  cleave sugar epoxides, amino sugars are formed. 
The ammonia w ill always add in  such a way as to  give a tran s-re la ted  
amino alcohol as a re s u lt  of Walden inversion a t the point of cleavage.
Thus, there i s  a p o ss ib ility  of formation of two isomeric amino sugars.
For example, methyl 2 ,3-anhydro-^l, 6-0-benzylidene- c*-D-allopyranoside 
gives a mixture of methyl 2-amlno-il, 6-0-benzy lidene-2-deoxy-$6-D- 
altropyranoside and methyl 3-amino-4,6-0-benzylidene-3-deoxy-ct-D- 
glucopyranoside^ (Figure 2, Reaction 1). This re su lt  i s  an i l lu s tra tio n  
of the F tirst-P lattner ru le : "When an epoxide i s  attached to  a r ig id
six  member ring , which i s  fixed in  one conformation, C 1 in  th is  case, 
the epoxide opens so th a t the new groups are predominantly in  ax ia l 
positions". Thus th e 'a itro  compound i s  the main product. The pyranoid
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Stereochemical Course of 
Sugar Epoxide Cleavages
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5ring  of l,6:2,3-dianhydro-p-D-talopyranose i s  forced in to  the 1 C chair 
conformation. Ammonolysis o f th is  2,3 epoxide ring  also gives the d iax ia l 
isomer, 2-amino-l, 6-anhydro-2-deoxy-p~D-galactopyranose as the major 
product? (Figure 2, Reaction 2). The pyranoid ring  of methyl 2,3-anhydro-
4 ,6-0-benzyUdene-«-I>-talopyranoside i s  in  the C 1 conformation. 
Ammonolysis of i t s  epoxide ring  gives the d iax ia l isomer, methyl 3- 
amino-4,6-0-benzylidene-3-deoxy-rt-D-idopyranoside® (Figure 2, Reaction
3).
In a f lex ib le  pyranoid sugar ring  system, however, i t  i s  more 
d if f ic u lt  to  predict which isomer w ill predominate.9
Intram olecular reactions of epoxides are well-known. When methyl
2,3-anhydro-^-D-mannopyranoside i s  formed by the reaction of sodium 
methoxide with methyl 2-0-toluene-g-sulfonyl-p-D-glucopyranoside i t  
i s  always accompanied by some methyl 3 34-anhydro-p-D-altropyranoside1(^  
(Figure 3, Reaction 1). Presumably an alkoxy anion, formed a t the 4- 
position , attacks the 3-position of the in i t i a l ly  formed 2,3-epoxide 
forming the 3,4-epoxide. A neighboring group-assisted opening of the 
epoxide ring  of benzyl 3>4-anhydro-2-benzyloxycarbonylamido-2-deoxy- 
of-D-galactopyranoside was accomplished by heating in  an acid ic  medium1 
(Figure 3S Reaction 2). The benzyl cc-D-gulopyranosido-[2.3:4’ .5 ’ ]- 
2'-oxazolidinone was formed. The formation of an oxanium ion is  believed 
to induce ring-closure across the 2-and 3- positions.
The epoxide ring  of benzyl 3,4-anhydro-2-benzyloxycarbonylamido-r2- 
deoxy-p-D-allopyranoside i s  not subject to  a neighboring group-assisted 
opening from the benzyloxycarbonyl group. There i s  a c is  re la tionsh ip
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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7between the 2- and 3-positions. However, I t  i s  possible th a t a group
a t the 6-position could a ttack  the 3-position forming a 3>6-anhydro
gluco derivative . The product would have the 1 C chair conformation.
Another p o ss ib ility  i s  an interm olecular trans ring  opening of the 3,4
epoxide ring  of the a lio  derivative by reagents to  be discussed in  th is
chapter. Ih is  could lead to  a gluco or a gulo derivative .
The cleavages of epoxides are generally considered as nucleophillc
substitu tion  reactions. The C—0 bond in  epoxy conpounds i s  much more
easily  broken than the normal e ther C—0 bond. This abnormal behavior
of the epoxy function is  considered to  be caused by ring s tra in . Many
1 *1
reagents can be used to  open the ring . Water and alcohols are e f­
fec tiv e , with an acid c a ta ly s t, as well as alkoxlde, phenoxlde, and a lky l- 
su lfide  ions. As mentioned previously ammonia also  opens epoxides.
Primary and secondary a lky l and a ry l amines also su b stitu te  on epoxides. 
The addition of organometallic corrpounds to  ethylene oxide is  a w ell- 
known method of lengthening a carbon chain by two carbon atoms. Reduction 
of epoxides by lithium  hydride can also be c la ss if ied  as a nucleophillc
substitu tion  of an oxygen by a hydride Ion. The mechanism of these
11substitu tions i s  probably of the SN2 kind, although acid-cata]yzed
hydrolyses of sirrpler epoxides in  water may proceed through carbonium- 
12ion interm ediates. The tra n s itio n  s ta te s  may be represented as:
*  h r  * . . . .
r - c n h
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8In the absence of acid other cations are lik e ly  to  be involved in  the
of representing the tra n s itio n  s ta te  according to  th is  view is  as follows:
This view would help to  explain why the nucleophile can displace such 
a poor leaving group as the alkoxy anion. The cation coordinates with 
the epoxide and helps to  reduce the charge separation during the actual 
ring  cleavage. Support fo r th is  view can be found in  the fac t th a t 
acid catalyzed opening of epoxides occurs usually under much milder 
conditions than base catalyzed opening. The tra n s itio n  s ta te  of a 
cation-catalyzed species should be much lower in  energy than th a t of the 
uncatalyzed species. Consequently there should be a considerable cation 
e ffe c t in  nucleophillc epoxide openings.
The above mentioned ideas led us to  the investigation  of a number 
of new p o ten tia l epoxide cleaving reagents, especially  boron and s ilico n  
conpounds. Tine rea c tiv ity  and s ta b il i ty  of epoxides with respect to  
these new cleavage reagents was investigated . As substrates we chose 
mostly sugar epoxides and epimines which have become available by e a r l ie r  
work in  th is  laboratory, o r ci 0sely analogous conpounds.
1 £
The synthetic uses of carbohydrate epoxides are numerous and varied. 
Sugar epoxides are commonly used fo r the synthesis of new sugars. The
ring  opening simultaneously with the n u c leo p h ile .^  A generalized way
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9conditions fo r opening sugar epoxides are usually fa ir ly  harsh. Use of 
good electroph iles such as Li+, RJi+ , and such Lewis acids as boron
ft
conpounds should a s s is t  cleavage of epoxides under mild conditions. 
Lithium iodide has been found to  cleave sugar ep o x id es.^  T rim ethylsilyl 
chloride has been found to  cleave simple a lip h a tic  e p o x i d e s . T r i ­
m ethylsilyl azide could react in  an analogous way and introduce -Ng 
instead  of chlorine in to  the molecule. Boron tr ic h lo rid e  i s  commonly 
known to cleave e th e rs , but probably would cause rearrangement and poly­
merization along with introduction of chlorine in to  the sugar molecule. 
Boric acids and boric e s te rs  should be good e lec tro p h iles , and yet be 
milder than boron chloride. Also, chlorine would not be introduced 
in to  the sugar molecule i f  boric acids or boric e s te rs  were usable.
Solvents fo r  the epoxide cleavages should be chosen th a t leave 
the e lectroph ile  free to  a ttach  to  the epoxide. Chloroform, benzene, 
o r toluene are good solvents fo r many sugar derivatives and should not 
form complexes with cations. I f  the cleaving reagent were not soluble 
in  these solvents more po lar solvents may be needed.
The proposed investigation  made necessary:
(a) The preparation of su itab le  s ta r tin g  m ateria ls ,
(b) The preparation of m aterials fo r comparison with possible products 
of the epoxide cleavages,
(c) Investigation of the reaction of sugar epoxides and epimines with 
boron conpounds of low ac id ity ,
(d) Investigation  of the reaction  of sugar epoxides and epimines with 
s ilic o n  conpounds, e .g . ,  trim ethy lsily laz ide ,
(e) Reaction with other possible reagents, with e lectron  deficiency, 
e .g . ,  HNC>2 and carbonyl conpounds.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II
METHODS AND DISCUSSION OP RESULTS
I . PREPARATION OP SUITABLE STARTING MATERIALS
The sugar conpounds used fo r th is  study are generally rare  conpounds 
of very lim ited supply and are not available commercially. The general 
procedures fo r th e ir  preparation are presented in  th is  section. More 
deta iled  preparation procedures and the properties of the substances 
are presented in  Chapter I I I .  Come of them had been prepared e a r l ie r  in  
th is  laboratory. Others were new conpounds prepared during th is  study. 
Conparison to  sim ila r conpounds from th is  laboratory, and the use of 
i r  spectra  and o p tica l ro ta tio n  allowed easy characterizations of these 
new conpounds.
Benzyl 3 s ^ -anhydro-2-benzyloxycarbonylamido-2-deoxy-^-D-allopyranoside
(lib )  was prepared from c h itin  (poly-N-acety1-glucosamine) following
procedures developed or applied in  th is  laboratory. Chitin was hydrolyzed
with hydrochloric acid to  give 2-amino-2-deoxy-D-glucopyranose hydro- 
19chloride, * the amino group of which was then protected by reaction with
?n picarbobenzoxy chloride. The resu ltin g  2-benzyloxycarbonylamido-
2-deoxy-D-glucose was reacted with benzyl alcohol in  the presence of
hydrochloric acid to  form an c(, p anomeric mixture of benzyl 2-
2 2benzyloxycarbonylamido-2-deoxy-D-glucose. By reaction  with benzaldehyde/ 
ZnClj, followed by methanesulfonylation, benzyl 4 ,6-benzylidene-2— 
benzyloxycarbonylamido-2-deoxy-3-0-methanesulfonyl-D-glucopyranoside 
was obtained as an anomeric mixture, which was separated by frac tio n a l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
ppc ry s ta lliz a tio n  as described by Gross and Zimmerman.
Cleavage of the benzylidene function of the pure benzyl 4,6-O-
ben zy lidene-2-ben zyloxy carb onylamido-2-deoxy-3-0-me thanesulfonyl-p-
D-glucopyranoside with aqueous ace tic  acid , gave benzyl 2-benzyloxy-
PPcarbonylamido-2-deoxy-3-0-methanesulfonyl-p-D-glucopyranoside (lb ).
00The qf-anomer (la) was obtained analogously. When la  or lb were reacted 
with aqueous base the c i  or p anomer of benzyl 2-benzyloxycarbonylamido- 
3 ,4-anhydro-2-deoxy-D-allopyranoside ( I la  or l ib )  was obtained (Figure 5)* 
The procedure used here varies somewhat from the previous methods.
The 3j4-anhydro derivatives were prepared with base d irec tly  from la
and lb  without interm ediate acety lation  of the hydroxyl groups, as described
before .
In order to  assess the influence of the 6-OH group on ring  opening
of the 3j4-epoxides ( I la  and lib )  three other new conpounds were prepared
(Figure 5). Two of these conpounds, benzyl 6-0-acetyl-3,4-anhydro-2-
benzyloxycarbonylamido-2-deoxy-jJ-D-allopyranoside ( I l lb )  and i t s  oc
anomer ( I l ia )  were formed by the reaction of ace tic  anhydride with I la
or l ib  in  pyridine. I t  is  of in te re s t  that the 3s4-epoxide ring  is
stab le  under these conditions. Epoxy sugars are normally ac id -lab ile
and do not withstand ace to ly s is . The th ird  conpound with the 6-position
substitu ted  was benzyl 3 ,4-anhydro-6-0-benzy1-2-benzyloxycarbonylamido-
2-deoxy-^-D-allopyranoside (IVb). I t  was prepared by an adaption of
24the methylation method of Kuhn, Low and Trischmann. This p o ss ib ility  
to  alky late  an epoxy sugar in  a basic medium with Ba^H^/DMF/PhCHgBr, 
with the re ten tion  of the epoxy function, is  also a novelty. The study
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Ac- : -COCHg
Bz- : -COC6H5
Cbz- : -CX)OCH2C6H5
Ms- : -S02CH3
Ph- : -C6H5
Ts- : -S02C6H5CH3
a : cC anomer
b : p anomer
Explanation of Symbols 
Figure 4
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of these conpounds which were substitu ted  a t Cg was not followed through 
since the reaction  of I l lb  with phenylboronate gave several products.
Ihe epimino ring  of carbohydrates was studied In order to  provide 
a conparison to  the epoxy ring . Two epimino sugars were available by 
d irec t means from m aterials available in  th is  laboratory. Following 
the procedures of Rhoads and Gross, benzyl 6-0-benzylidene-2,3-dideoxy-
2,3-epimino-p-D-allopyranoside (VIb) was prepared by heating benzyl
2-benzamido-4, 6-0-benzy lidene-2-deoxy-3-0-mesy 1-p-D-glucopyranoside 
(Vb) with sodium isopropoxide in  isopropanol.^  The anomer (Via) was 
prepared by trea tin g  benzyl 4 ,6-benzylidene-2-benzyloxycarbonylamido-
3-0-mesyl-ct-D-glucopyranoside2^Va) in  a lik e  manner (Figure 6).
Benzyl 2 ,3-anhydro-4, 6-0-benzylidene-or-D-allopyranoside (XVII)
was needed to  make studies conparative to  the reactions of the 3,4-
1 4anhydro derivative . I t  had been prepared by Chiu and Gross.
I I .  PREPARATION OF MATERIALS FOR COMPARISON TO PRODUCTS
One of the most conclusive means of id en tif ic a tio n  of new products 
i s  the synthesis of substances with id en tica l p roperties by unequivocal 
routes. Many synthetic routes to known substances were available s ta r tin g  
with the conpounds previously prepared in  th is  laboratory. This section 
describes, in  general, the syntheses used fo r th a t purpose in  th is  
study. A more deta iled  descrip tion of experimental procedures i s  given 
in  Chapter I I I .
Itoo new conpounds prepared were benzyl 4 ,6-0-benzylidene-2-benzyl- 
oxycarbonylamido-2-deoxy-p-D-allopyranoside (VIII) and i t s  debenzylidinated
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derivative , benzyl 2-benzyloxycarbonylamido-2-deoxy-^-D-allopyranoside
(IX)(Figure 7) • Conpound IX was needed as a comparative compound fo r 
Id en tif ic a tio n  of possible products. I t  was considered possible th a t 
the epoxide ring  of l ib  could coordinate with phenylboronic anhydride
and undergo a c is  opening producing IX. While a c is opening of an epoxide 
ring  is  unlikely , s ta b iliz a tio n  of the leaving oxide ion, by coordination 
with the boron conpound, could lead to  c is addition to  the resu ltin g  
carbonium ion. Conpound VIII was prepared by reaction of benzyl 2-amino-
4,6-0-benzylidene-2-deoxy-^-D-allopyranoside^®(VII) with benzyloxycarbonyl 
chloride in  a mixture of chloroform and aqueous-KHCOg. The benzylidene 
group of VIII was removed by slow addition of water to  i t s  hot ace tic  
acid solution giving IX.
Benzyl 2-benzyloxy carbonylamido-2-deoxy-p-D-gulopyranoside (XIV) 
was a lso  a possible product of the epoxide ring  opening of l ib .  I t
25was prepared from benzyl ^D -gulopyranosido-^ .S :^ ' *5' ]-2'-oxazolidinone
(X)(Figure 8). Conpound X was changed to  the benzylidene conpound, 
benzyl 4 ,6-0-benzylidene-p-D-gulopyranosido-[2 .3 :4 '• 5 ']-2 1-oxazolidinone
(XI) by reaction with benzaldehyde in the  presence of ZnC^. Conpound
XI was changed to  the free  amino conpound benzyl 2-amino-^,6-0-benzylidene- 
2-deoxy-p-D-gulopyranoside (XII) by heating in  an aqueous-ethanol-KOH 
solu tion . Carbobenzoxy chloride was then added to  XII to  give benzyl 
s 6-0-benzylidene-2-benzyloxycarbonylamido-2-deoxy-p-D-gulopyranoside 
(X III). F inally  the benzylidene group was removed from XIII by acetic  
acid and water to give XIV.
Ring opening reactions of the 2 ,3 - a n h y d r o  allopyranoside derivative
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(XVII) could lead to  e ith e r  altropyranoside or glucopyranoside derivatives.
Benzyl 4 ,6-0-benzylidene-ol -^-glucopyranoside (XV) was availab le  In th is  
14laboratory. I t  was reacted with g lac ia l a ce tic  acid and water to  give 
the debenzylidenated derivative  (XVI)(Figure 9). Benzyl 2,3-anhydro-
4 ,6-0-benzylidene-# -D-allopyranoside^^(XVII) was heated with hot KOH 
solu tion  to  give benzyl 4 ,6-0-benzylidene-0(-D-altropyranoside (XVIII) 
which was debenzylidenated with acetic  acid and water to  give XIX (Figure 10).
A possible product from the ring  opening reactions of the 3,4- 
anhydro-allo derivative ( lib ) i s  benzyl 3 , 6-anhydro-2-benzyloxycarbonylamido- 
2-deoxy-(J-D-glucopyranoside (XXVII). Two procedures were available for 
the synthesis of 3, 6-anhydro derivatives of glucosamines.
One of these procedures, described by Foster, Stacey, and Vardheim^ 
used methyl 2-benzyloxycarbonylamido-2-deoxy-6-0-tosyl--D-glucopyranoside 
in  reaction  with base to  form methyl 2-amino-3,6-anhydro-2-N:4-0-carbonyl-
2-deoxy-ji-D-glucopyranoside. ^  Under these conditions no inversion occurs 
a t C3 . The to sy l group a t Cg is  read ily  displaced and the 3,6-anhydro 
ring  i s  unequivocally formed, the formation o f other rings being s te r -  
ic a lly  inpossib le. The second procedure described by Reckendorf and Bonner 
used methyl 2-benzamido-2-deoxy-3-0-methanesulfonyl--D-glucopyranoside 
as s ta r tin g  m aterial fo r the preparation of a 3 ,6-anhydro d e r iv a tiv e .^
In th is  case there are o ther possible products. The OH group a t C/j 
could a ttack  with inversion a t C3 to  form a 3,4-anhydro derivative of 
the a lio  configuration. Also the benzamido group a t Cg could a ttack  
a t C3 to  form e ith e r  an oxazoline or epimine derivative  of the a lio  
configuration. The 3,6-anhydro derivative  which Reckendorf and Bonner
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obtained in  fac t was assumed to  re su lt  from a second Inversion a t 
by a ttack  of the Cg hydroxyl on an Intermediate oxazoline.
Following the procedures of Reckendorf and Bonner^ a sim ila r conpound 
was trea ted  In like  manner. This sim ilar compound, benzyl 2-benzamido- 
2-deoxy-3-0-methanesulfonyl-p-D-glucopyranoside (XXI), was reacted with 
NaOCH^  to  give benzyl 3 ,^-anhydro-2-benzamido-2-deoxy-p-E>-allopyranoside 
(XXII)(Figure 11). Conpound XXII deconposed In methanolic-aqueous KOH 
a t room tenperature. The 3,6-anhydro derivative (XXVII), prepared by 
the unequivocal procedure to  be described la te r ,  was stab le  under these 
conditions. The i r  spectrum of XXII was not the same as tha t of benzyl
3,6-anhydro-2-benzamldo-2-deoxy-p-D-glucopyranoside (XXX) prepared from 
XXVI. The i r  spectrum of XXII had absorptions ascribed to  an amide 
group a t  1638 and 1536 cm-1 . This Indicated tha t I t  was not an epimine 
or an oxazoline derivative. Being bu lk ier than in  the methyl glycoside 
analogue, the ^-benzyl glyoside in  conpound XXI probably makes attainment 
of the 1 C conformation in  the tra n s itio n  s ta te  leading to  XXX less 
favorable.
26Following the experimental procedure of Foster, e t . a l . , the 
to sy la tion  of benzyl 3-0-acetyl-2-benzyloxycarbonylamido-2-deoxy-p-D-
p Q
glucopyranoside (XXIII)(Figure 12) gave the 6-0-tosyl derivative benzyl
3-0-acetyl-2-benzyloxycarbonylamido-2-deoxy-6-0-p-toluenesulfonyl-p- 
D-glucopyranoside (XXIV). Some of the 4 ,6 -d i-0 -to sy l derivative (XXIX) 
was also formed. The reaction  of XXXV with methanolic-aqueous KOH gave 
the carbonyl conpound benzyl 3 ,6-anhydro-2-N:^-0-carbonyl-2-deoxy-^- 
D-glucopyranoside (XXV). Especially c h a rac te ris tic  fo r th is  s truc tu re
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was the i r  absorption fo r  the ring  carbonyl amide 3322 cm~^(NH) and 
1722 cm- ^(C=rO) and the absence of the amide I I  band.
p/f
Continuing beyond the procedure of Poster e t .  a l . ,  conpound XXV 
was heated (15 hr) a t 70°C in  aqueous-methanolic KOH to  give benzyl 2- 
amino-3j6-anhydro-2-deoxy-p-D-glucopyranoside (XXVI). Treatment of 
XXVI with carbobenzoxy chloride gave the desired N-carbobenzoxy 3)6- 
anbydro derivative (XXVII).
A more d irec t route for the  preparation of XXVII was also  developed. 
This route led to  the reso lu tion  of a mechanistic question in  the pre­
paration of the carbonyl conpound (XXV). For the synthesis of the
p/T
methyl glycoside analogue of XXV by Poster, e t .  a l . ,  the sequence of 
ring  closures of the 3, 6-anhydro ring  and the 2,4-carbonyl ring  was hypo­
th e tic a l. In th is  study, i t  was found that the 3)6-anhydro ring  is  closed 
before the formation of the 2,4 carbonyl ring . The more d irec t route 
developed here formed benzyl 2-benzyloxycarbonylamido~2-deoxy-6- 0-p- 
toluene suIfony1-p-D-glucopyranoside (XXVIII) from the 3-0-acetyl 
derivative (XXIV) by addition of XXIV to  methanolic-aqueous KOH at 
room tenperature. Deacetylation occurs easily  under these conditions 
and XXVIII p rec ip ita ted  immediately before the 3>6-anhydro ring  could be 
formed. The presence of the p-toluenesulfonyl group in  conpound XXVIII 
was determined by a positive  su lfu r te s t  and the presence of the su l­
fonate absorption a t 1366 cm”-1- in  the i r  spectrum. Conpound XXVIII 
le f t , three days in  methanolic-aqueous KOH a t room tenperature gave the 
benzyloxycarbonylamido-3,6-anhydro derivative XXVII. Upon standing 
longer in  the methanolic-aqueous KOH the carbonyl ring  was formed to  
give XXV.
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I I I .  REACTIONS OP EPOXIDES WITH BORON COMPOUNDS
The reagents chosen to  react with the epoxide ring  of 3»^-anhydro- 
allopyranoside derivatives have been discussed in  general in  the in tro ­
duction of th is  th e s is . They should contain good electroph iles as well 
as nucleophiles. The e lec troph ile  should reduce charge separation as 
the oxide anion parts  from the carbon atom in  epoxide ring  opening. 
Positive ions such as IA+ or Ag+ display e lec tro p h ilic  nature when 
coordinating with Lewis bases, such as ammonia o r methanol. Compounds 
containing "electron defic ien t"  boron atoms with s ix  valence electrons 
are also  e lec tro p h ilic  and coordinate with Lewis bases such as ammonia 
and d iethyl e th e r .^
Boron tr ia c e ta te  and phenylboronic acid or i t s  anhydride (triphenyl- 
boroxole) seemed to  meet the above q u a lifica tio n s . They coordinate 
with many nitrogen or oxygen containing conpounds. Phenylboronic acid 
has been used to  increase the m obilities of carbohydrate derivatives 
in  chromatographic separations. 30 Yabroff and Branch prepared a conplex 
with pyridine and phenylboronic ac id . ^  More recently  phenylboronic 
acid has been used to  conplex with a varie ty  of amines. ^  F e rrie r and
workers have prepared many cyclic e s te rs  with phenylboronic acid and
33cyclic hexo- and pento- side sugars. They have also used phenylboronic
3Z1
acid as a p ro tecting  group in  disaccharide synthesis.
Solvents th a t would not conplex with the e lec troph ile  were selected  
fo r the reactions. The nonpolar solvents benzene, toluene, and xylene
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and the moderately po lar chloroform and dioxane were used and found to  be 
good solvents fo r the benzyl sugar derivatives. The triphenylboroxole 
was also  very soluble In these solvents. Boron acetate  was much less 
soluble In the above solvents. I t  was more soluble In acetone and 
nltrorrethane. Acetone and nitromethane conplex with e lec tro p h ile s , but 
s t i l l  expose an e lectron  deficiency a t the outside of the complex:
When benzyl 3 ,il-anhydro-2-benzyloxycarbonylamldo-2-deoxy-p-D- 
allopyranoside ( lib )  was heated with boron acetate  In dioxane a t 100°C 
fo r  two hours, the boron conpound dissolved only p a r t ia l ly . Analysis 
of the reaction  mixture by t i c  (th in  layer chromatography) Indicated 
an inconplete reaction  with some degradation. As was found out by 
conparison with m aterials la te r  Iso la ted  by preparative t i c ,  there was 
m aterial corresponding to  an anhydro sugar, along with some other com­
pounds. Refluxing the l ib  with boron acetate  fo r 7*5 hours in  acetone 
dissolved the boron ace ta te , but the f in a l  re su lts  were sim ilar to  th a t 
fo r the reaction  in  dioxane. Heating a solution o f lib  with boron acetate 
and boric acid In a mixture of acetone and benzene to 80°C fo r  an hour 
gave a conplete reaction . Again there was m aterial corresponding to  an 
anhydro sugar. In th is  case there  was more degradation than In the
c h 3 
1 - 0  
0 ©  N — 01 - - • E 
101®
ACETONE NITROMETHANE
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proceeding cases.
The lea s t degradation was encountered when phenylboronic anhydride 
was refluxed with l ib  in  benzene overnight. Part of the benzene was 
d is t i l le d  o ff during the f i r s t  p a rt of the reaction to  remove water.
Six days of refluxing  was required to  drive the reaction to  completion. 
Changing the solvent to  toluene or to  xylene and increasing the tenper­
ature to  100°C led to  a complete reaction in  three hours.
Addition of petroleum ether to  the reaction  solution gave an o i l  
th a t gradually so lid if ie d . The so lid  was separated and the f i l t r a t e  was 
evaporated leaving a residue. This residue was dissolved in  a hot 
methanol and water so lu tion  and extracted with chloroform. A fter evapor­
ation of the chloroform, the remainder was rec ry sta llized  from methanol 
to  gLve a high melting c ry s ta llin e  substance, containing boron. I t  was 
stab le  in  a bo iling  water-methanol so lu tion .
Heating the c ry s ta llin e  substance fo r two hours in  1,3-propanediol 
and ace tic  acid (10%) removed phenylboronic acid and gave hydrated benzyl 
2-benzyloxycarbonylamido-2-deoxy-jJ-D-gulopyranoside (XIV)(Figure 13) 
th a t melted a t  6l°C. When dried overnight a t 80°C in  a vacuum desica to r, 
i t  melted a t  92°C. Conpound XIV was independently synthesized for 
conparlson as described in  Part I I  of th is  chapter.
I t  was noticed tha t the i r  spectra of the hydrated and non-hydrated 
forms of conpound XIV d iffe red . The hydrated form absorbed a t 1237,
1092, 1048, and 728 cm-1  while the non-hydrated form absorbed a t  1313, 
1247, 1096, 1072, and 750 cm-1 .
The high melting c ry s ta llin e  substance which contains boron is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
therefore benzyl 2-benzyloxycarbonylamido-2-deoxy~*J,6- 0-phenylboronate- 
jJ-D-gulopyranoside (XXXI). I t s  I r  spectrum gives strong absorption at 
1313 cm- -1- and sharp absorption a t 1*130 cm- -1-. L itera tu re  values are 
recorded with th is  kind of absorption at 1350-1310 cm- -1- fo r the B—0 
stre tch ing  and a t  1*1*10 cm”-1- fo r B-aryl systems. ^  The fact that the 
phenylboronate i s  only removed with d if f ic u lty  from XXXI is  consistent 
with a six-membered ring  phenylboronate s tru c tu re . Surprisingly, however, 
the substance deconposed somewhat on s i l ic a  gel. Bowie and Musgrave 
found six-membered ring  phenylboronates much more re s is ta n t to  hydrolysis 
than five membered r in g s . ^  The six-membered ring  i s  free from rin g - 
s tra in  and the coordination of water to  boron is  hindered by ax ia l in te r ­
actions from the ring . Other evidence that supports assignment of the 
boron e s te r  to  the *1- and 6-positions i s  the i r  amide absorption. I t  
i s  nearly id en tica l to  th a t of the product (XIV) resu ltin g  a f te r  removal 
of the phenylboronate. Therefore coordination of the boron to the 2- 
position  is  not l ik e ly . Involvment of the 3- and *l-positions in  the 
boron e s te r  is  highly unlikely because of preference fo r a six-membered 
ring  over a d iequatoria lly  fused five membered ring . Elemental analysis 
does not support a seven membered pyroboronate ring  formed by v ic ina l 
hydroxyl groups as found by F e rrie r  in  the preparation of a 2 ,3 -(diphenyl-  
pyroboronate) in  a reaction of phenylboronic acid and methyl oC -D-gluco- 
py ranoside .^
Ihe opening of the 3 , *i-epoxide ring  of the a lio  sugar probably 
involves subsequent coordination of boron atoms, from two d iffe ren t 
triphenyl-boroxole molecules, to  the epoxide ring  oxygen and the
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C-6  hydroxyl. lb  give a gulo derivative , an oxygen atom from the t r i -  
phenylboroxole molecule coordinated to  the C-6  hydroxyl must 
a ttack  the C-4 position  from the rea r . This would give Inversion a t 
the C-4 position  leading to  the gulo d e riv a tiv e . Formation of the
4 ,6- 0-phenyIboronate e s te r  would re su lt from cission  of the tripheny l- 
boroxole. A possible tra n s itio n  s ta te  would have the following struc tu re :
NHI
R
The o i l  th a t came out upon addition of petroleum ether to  the 
reaction solution of phenylboronic acid and l ib  in  benzene gave a crys­
ta l l in e  m aterial that melted a t l63°C. Although not id e n tif ie d , i t s  
elemental analysis (Part I I I ,  Chapter I I I )  is  consistent with a benzyl 
anhydro-2-benzyloxycarbonylamido-2-deoxy-hexoside derivative . I t s  i r  
spectrum shows absorptions fo r an amide I  and an amide I I  band ind icating  
no cycllzation of the amide group. There i s  no absorption a t 825 or 
878 cm- '1-. This ind icates th a t the substance does not have a furanose 
s tru c tu re .3® Lack of formation of a cyclic 4 ,6-0-phenyIboronate e s te r  
i s  evidence th a t e ith e r  the four or s ix  hydroxyl group i s  not available 
fo r e s te r if ic a tio n . I t  seemed reasonable th a t the conpound could be
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benzyl 3 > 6-anhydro-2-benzyloxycarbonylamido-2-deoxy-p-D-glucopyranoside 
(XXVII). Ihe oxygen In  the 6-position  could a ttack  the epoxide ring  
with inversion a t the 3-position  forming the d iax ia l 3 , 6-anhydro-gluco 
derivative  in  the 1 C conformation. Coordination of the epoxide with 
boron may f a c i l i ta te  the opening of the 3-member ring  in  th is  process. 
However, benzyl 336-anhydro-2-benzyloxycarbonylamido-2-deoxy-^-D- 
glucopyranoside (XXVII) was prepared as described e a r l ie r  (Part I I  of 
th is  chapter) and the properties of the two substances were d iffe ren t.
Benzyl 6 -0-acety l-3 , 4-anhydro-2-benzyloxycarbonylamido-2-deoxy- 
jJ-D-allopyranoside ( I l lb )  reacted to  completion with boric acid and 
boron aceta te  or phenylboronic anhydride in  acetone or toluene under 
conditions sim ilar to  those used fo r  the reaction  of the non-acetylated 
3 ,4-anhydro-allo derivative . Some m ateria l, separated by preparative 
t i c ,  was eluted with an ethanol-chloroform so lu tion . (70:30). P lat 
c rysta ls  were formed upon a i r  evaporation of the eluent so lution. An 
i r  spectrum of these c ry s ta ls  showed a shoulder on the amide I  absorption 
band a t 1728 cm- '1'. Ihe shoulder i s  apparently due to the e s te r  absorption 
of the aceta te  group. There were i r  absorptions a t  169^ and 1528 cm- -1' 
a ttr ib u ta b le  to  the amide I  and I I  absorptions. Elemental analysis 
(Part I I I ,  Chapter I I I )  agrees with the formula of a monohydrated benzyl 
6-0-acetyl-2-benzyloxycarbonyl-2-deoxy-hexoside sugar. Treatment of the 
c ry sta ls  with dioxane-water-KOH so lu tion  under deacetylation conditions 
gave a m aterial that moved slower than the o rig in a l c ry s ta llin e  m aterial 
on t i c .  I t  moved d iffe ren tly  on t i c  than the 33^ t-anhydro-allo derivative 
( lib )  or the gulo derivative (XIV), but the same as benzyl-2-benzyl-
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oxycarbonylamido-2-deoxy-ji-D-allopyranoside (IX). This re su lt ind icates 
th a t the 33 4-anhydro compound (I llb )  may have undergone a c ls -openlng 
of the epoxy ring . Such an opening is  highly unusual and i t s  confirmation 
requires fu rther study. A complex neighboring group e ffec t from the 
acety l group may be involved. The fac t th a t the c ry s ta llin e  m aterial 
d iffe rs  from the products iso la ted  from the reaction  of conpound l ib  
with phenylboronate indicates th a t the 6-position  plays an important 
ro le  in  the 3,4 epoxide ring  opening. This is  also evidenced by the lack 
of reaction  between benzyl 2 ,3-anhydro-4, 6-0-benzylidene- -D-allopyranoside 
and phenylboronate.
Making a comparative study i t  was found tha t benzyl 2,3-anhydro-
4,6-0-benzylidene-0(-D-allopyranoside (XVII) did not react with phenyl­
boronic anhydride. However, when heated with boron aceta te  in  nitromethane 
a t 70°C, fo r eight hours, i t  reacted completely. The melting point and 
i r  spectrum of the product was id en tica l to  benzyl 2,3-anhydro-0(-D- 
allopyranoside which was prepared by heating s ta r tin g  m aterial (XVII) in  
g lac ia l ace tic  acid with slow addition of water (Figure 14). The melting 
point and i r  spectra of XXXIII obtained by both routes d iffered  also 
from those of benzyl -D-altropyranoside (XIX) and benzyl o( -D-gluco- 
pyranoside (XVI), which were prepared as reference compounds.
I t  i s  remarkable th a t the epoxide ring  is  stab le  under these conditions. 
The p o ss ib ility  of removing a benzylidene group in  a sugar epoxide with 
re ten tion  of the epoxy function opens up a possible route fo r unprotected
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epoxy sugars, i f  the glycosidic function can be se lec tive ly  removed by 
c a ta ly tic  hydrogenation. Since metabolism of sugars involves cleavage 
between C3 and C^, and the epoxy group is  very reac tiv e , giving stab le  
linkages with -OH and -NH2 groups, such free epoxy sugars could be 
convenient, irrev e rs ib ly  blocking substrates fo r  enzymes. These may 
become important in  the  study of metabolic pathways. Studies of the 
influence o f such derivatives on the gluconeogenesis in  perfused ra t 
l iv e r  are being carried  out in  cooperation with the  Department of Pharm­
acology, College of Medicine, Tucson, Arizona.^9
IV. TRIMETHYISILYLATION OP BENZYL 3, ^ -ANHYDR0-2-BENZYL0XYCARB0NYLAMED0- 
2-BENZYLOXYCARBONYLAMEDO-2-DEOXY-B-D-ALLOPYRANQSIDE
Continuing the study of the 3,^ epoxide rin g , benzyl 33^-anhydro- 
2-benzyloxycarbonylamido-2-deoxy~B-D-allopyranoside ( lib ) was reacted 
with trim eth y ls ily l azide. I t  was thought th a t the s i ly l  group would 
be an e ffec tive  e lec troph ile  fo r attacking  the oxygen in  the epoxide
*j O
ring . T rim ethylsilyl chloride is  known to  cleave epoxides. I t  cleaves 
propyleneoxide as i s  shown in  the following reaction:
CH2—£H— CH3 + (CH3)3SiCl (CH3) 3SiO—CH2—CH—CH3
I t  was expected that sub stitu tio n  of the azide group fo r  chloride in  
tr im eth y ls ily l chloride would give a reagent th a t would lead to  conpounds 
carrying -N3 instead  of -C l. The tr im e th y ls ily l group in  such conpounds 
could easily  be hydrolyzed by H20 a t room tenperature giving a hydroxy1- 
group. Reduction of the azido function to  an amino group by ca ta ly tic  
hydrogenation has been done by W. Sundermeyer^ and o thers. Concurrent
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reductive cleavage of the p ro tective  benzyl and benzyloxycarbonyl groups 
would make possible a fa s t  route to  new amino sugars.
A search of the l i te ra tu re  revealed th a t tr im e th y ls ily l azide is  
prepared d irec tly  from sodium azide and trim eth y ls ily l chloride. Ihe 
substances are e ith e r  fused in  anhydrous ZnC^-KCl a t 230-250oC,*^ 
refluxed in  tetrahydrofuran fo r 48 h o u rs ,^  or refluxed in  b is - ( 2-methoxy- 
e thyl) e ther in  the presence of aluminum ch lo ride .**2 I t  was found th a t 
heating the trim eth y ls ily l chloride and sodium azide without a ca ta ly st 
in  bis-(2-ethoxyethyl) e ther a t 85°C fo r three hours gave a good y ie ld  
of trim eth y ls ily l azide.
Reaction of trim eth y ls ily l azide and epoxide lib  in  refluxing 
chloroform fo r four hours gave an incomplete reaction . When the solvent 
was changed to  the higher bo iling  b is - ( 2-ethoxyethyl) e ther and the 
tenperature ra ised  to  120°C fo r three hours the reaction  went to  completion. 
Refluxing lib  in  excess trim eth y ls ily l azide fo r seven and one h a lf  
hours also  gave a complete reaction .
Evaporation of tr im e th y ls ily l azide from the reaction  mixture in  
vacuo gave an o il  tha t was soluble in  hot hexane. At room tenperature 
c ry sta ls  which melted sharply a t 8l-82°C, separated from the hexane.
The substance (XXXII) decomposed when analyzed by t i c .  Refluxing the 
c ry s ta llin e  m aterial (XXXII) in  a small volume of equal parts  of methanol 
and water fo r an hour gave s ta r tin g  m aterial (IIb)(F igure 13).
Obviously the epoxide ring  of l ib  had not been opened. An exam­
ination  of the i r  spectrum of XXXII showed th a t the open hydroxyl group 
in  the 6-position  of l ib  had been s ily la te d  in  XXXEI. There was no
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absorption peak in  the spectrum of XXXII fo r the hydroxyl group, where- 
as the s ta r tin g  m aterial ( lib )  had broad absorption a t 3440 cm .
While i t  i s  possible th a t e ith e r  the oxygen or the nitrogen of the 
carboxamide could be s i l y l a t e d ^  the i r  spectrum does not support e ith e r  
of these p o s s ib il i t ie s . There are strong absorption peaks a t  3294, 
a ttr ib u ted  to  the N-H absorption, and a t 1683 and 1539 j a ttr ib u ted  to  
the amide I  and I I  absorptions. S ily la tio n  of the nitrogen would remove 
the hydrogen. S ily la tio n  of the carbonyl oxygen would give an 0 -s i ly l  
imino-ether s tru c tu re .
S ily la tion  of hydroxyl groups of carbohydrates has been done mainly 
to  form a blocking group or to  increase the v o la t i l i ty  of the conpound. 
Glucose has been se lec tive ly  s ily la te d  by N-trimetbylsilylacetam ide in
lili
pyridine. The resu ltin g  conpound was reacted with acetobromoglucose 
to  form a disaccharide. A varie ty  of carbohydrates and re la ted  poly­
hydroxy conpounds were s ily la te d  in  pyridine containing hexamethyldi- 
silazane and trim eth y ls ily l chloride at temperatures varying from room
||C
tenperature to 85° C. These conpounds were used in  gas-liqu id  chrom­
atography .
The method developed here fo r  the s ily la tio n  of carbohydrates is  
re la tiv e ly  mild and does not have the disadvantages of a base as a 
solvent. Pyridine probably causes anomerizations in  sinple sugars and
liea ffec ts  base-lab ile  groups. J
V. REACTION OP BENZYL 4,6-0-BENZYIdDENE-2,3-DIDEOXY-2,3-EPMrNO- 
cC -D-ALLOPYRANOSIDE WITH HN02
Benzyl 4 ,6-0-benzylidene-2, 3-dideoxy-2, 3-epimino-p-D-allopyranoside
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(VIb) was studied as a conpound analogous to  I .  The epimine rin g , like  
the 2 , 3-epoxide ring^has proven to  be quite  s ta b le , although I t  Is  lab ile
p
In mineral acid. Buss, Hough, and Richardson report the epimine ring 
re s is ta n t to  prolonged treatment with lithium  aluminum hydride and ethanolic
psodium ethoxide. Guthrie and Murphy were able to  deacylate N-acetyl
and N-benzoylepimines of mannosamine in  hot aqueous KOH without opening
the ring , but they did e ffec t an opening with sodium azide In a s lig h tly  
1(6acidic  medium.
I t  was found th a t the 2,3-epimino-p-D-allo derivative (VIb) fa iled  
to  react with trim eth y ls ily l azide a t 130°C fo r 18 hours or with methyl 
borate in  refluxing toluene. Refluxing with hexachloro-2-propanone in 
toluene also gave no reaction , but addition of a small amount of p- 
nitro-phenol o r ethyl-diisopropyl amine to  th is  so lu tion  gave several 
products as revealed by t i c .  The cCanomer (Via) fa iled  to  react with 
phenylboronic anhydride in  refluxing toluene. Refluxing Via in  CH^ NOp 
gave only s ta r tin g  m aterial.
The epimino ring  of Via did react with n itrous acid and ace tic  acid 
in  dioxane to  give the 2 , 3-unsaturated derivative benzyl ^ ,6- 0-benzyl- 
idene-2,3-dideoxy-cC-D-erythrohex-2-enopyranoside (XXXIV)(Figure 15).
Such 2,3-unsaturated glycosides have been prepared by d irec t in ­
troduction of a 2 ,3 -o le fin ic  double bond, as i s  the case with HN02, or 
by double bond sh if ts  in  glycal derivatives. Newth reacted methyl
4 ,6- 0-benzylidene-3-iodo-3-deoxy-2- 0-p-toluenesulfonyl-o6 -D-glucoside 
with sodium iodide in  acetone to  obtain methyl 1^, 6- 0-benzylidene-2, 3-  
dideoxy- oC-D-erythrohex-2-enopyranoside. ^  ' F e rr ie r , Overend, and Sankey
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have caused tetra-O-acetyl-2-hydroxy-D-glucal to  rearrange to  the oC and 
P anomers of l , 2 Ji}J6 -te tra -0 -ace ty l-2 J3-dldehydro-3-deoxy-D-erythro-
JhO
hexoses. Nitrous acid has been used in  the deamination of amino alcohols. 
Elphimoff-Felkin and Gault formed heptanones, g lycols, or alkenes from 
amino( 1-hydroxycyclohexyl)(tert-alkyl)methanes. ^  Defaye used HN02 to  
form 2,5-anhydro-D-talose from 2-amino-D-galactose. ^
Ihe n itro sa tln g  agent i s  believed to  be e ith e r  the n itro sy l ion 
N0+ or dinitrogen triox ide  Nj^ O^ . At low concentrations of n itrous acid 
the n itro sy l ion i s  formed while a t higher concentrations dinitrogen 
triox ide is  formed.^ 1 In acetic  acid the n itro sy l ion i s  probably the 
n itro sa tln g  agent.
Although ra te  studies of the reaction  have not been made, a possible 
mechanism of the deamination of the n ltroso  conpound would involve 
elim ination of two equivalents of n itroxy l (HNO)(Figure 16). While the 
oxygen of the n itro so  conpound would no doubt be protonated, protonation 
of the nitrogen would lead to  a species th a t could elim inate n itro x y l. 
Nitroxyl i s  known to  be a common elim ination product of sim ila r organic 
reactions where C—NO or N—NO bonds are b r o k e n . I t  i s  also considered 
to  be a product in  the Nef reac tio n .^3 The secondary carbonium ion 
of the pyranoid ring  (Figure 16) would be a re la tiv e ly  stab le  in te r -
c/i
mediate-' fo r elim ination of the epimine nitrogen through the formation 
of a second n itroxy l molecule.
A l i te ra tu re  search revealed that the corresponding methyl der­
ivative  of XXXIV as well as the methyl ^, 6- 0-benzylidene-cC-D-mannopy- 
ranoside had been prepared in  a sim ila r manner. While the n itro so
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interm ediate of the benzyl derivative (XXXIV) was not iso la ted , the 
reaction  so lu tion  was tenporarily  yellow as is  ch a rac te ris tic  fo r n itro so - 
e p i m i n e s . 5 5  ih e benzyl derivative was easily  separated from the reaction 
solution by addition of water. I t s  i r  spectrum showed no absorption 
ch a rac te ris tic  of a conpound containing nitrogen functions.
The 2,3-unsaturated glycosides are of in te re s t as interm ediates 
in  metabolic pathways.^7 Ihey could also  lead to  a variety  of derivatives 
through addition to  the double bond. Albano, Horton, and Lauterbach 
have shown th a t addition to  such conpounds have high s te reo sp ec ific ity  
and can be used as models fo r the study of addition reactions to  carbon- 
carbon double bonds.
Thus, in  our case, treatment of conpound XXXIV in  dioxane with a 
2% aqueous solution of KMnOjj led to  c is hydroxylation of the double 
bond, mostly on the s te r ic a lly  less hindered side . The only characterized 
product was demonstrated to  be benzyl 4 ,6-0-benzylidene- cC-D-mannopyrano- 
side (XXXV). Removal of the benzylidene group with acetic  acid and 
water gave benzyl ct-D-mannopyranoside XXXVI with melting point and 
ro ta tio n  agreeing to  l i te ra tu re  v a l u e s . 57 Some m aterial from the KMnO/j 
hydroxylation of the unsaturated conpound was water soluble and remained 
an o i l  upon drying. I t  was not moved from the s ta r tin g  point on t i c  
p la tes using 10# ethanol in  chloroform. I t  probably resu lted  from over­
oxidation of the double bond.
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CHAPTER III
EXPERIMENTAL PROCEDURES
Malting points were taken in  a Thomas-Hoover melting point appara­
tus model No. 6*10^. All melting points reported herein are uncorrected. 
Optical ro ta tions were measured at the sodium D line  with an O.C. Rudolph 
and Sons In c ., Model No. 956 polarim eter, a t C=l. I r  spectra  were re ­
corded with a Perkin-Elmer spectrophotometer (model 337) using the KBr 
p e lle t  technique. The homogeneity of the conpounds synthesized was 
determined by th in  layer chromatography using a mixture of two parts  
Merk S ilic a  Gel G with one part Merk S ilic a  Gel GF25/1, the p la tes being 
activated  by heating a t 120°C fo r two hours. The p la tes were developed 
with chloroform containing su ffic ie n t ethanol to  produce Rf  values between
0.2 and 0.7. The compounds were detected by ex tinction  of the u ltra ­
v io le t fluorescence of a z in c -s ilic a te  ind ica to r and also by subsequent 
spraying with su lfu ric  acid (10# )~methanol and heating about 15 minutes 
a t 120°C. The preparative t i c  separations were made on Merk precoated 
s i l ic a  gel p la te s , 2mm th ick . The microanalyses were performed
by Alfred Bernhardt of Mikroanalytisches Laboratorium in  West Germany.
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I .  PREPARATION OP SUITABLE STARTING MATERIALS
Benzyl 3 ,4-anhydro-2-benzyloxycarbonylamido-2-deoxy-cC-D- 
allopyranoside ( I l a ) :
Benzyl 2-benzyloxycarbonylamido-2-deoxy-3-0-mesyl-c£-D-glucopyrano-
PPside (la) (5.0 g, 0.0104 mol) was dissolved in  dioxane (90 ml) and 
0.5N KOH (60 ml) and kept a t room tenperature (24 h r) . The dioxane was 
evaporated in  vacuo. The remaining o i l  so lid if ie d  when shaken with 
water (200 ml). The c ry sta ls  were rec ry s ta llize d  from toluene to  give 
2.74 g (6535): np 92-95°, [«c]Jf  + 57 (0*1, Pyridine); ^ ^ 3 3 3 2  (NH), 
1683, 1654, 1522 (amide 0 = 0 ), 736, 693 (CgH5).
Anal. Calcd fo r C21H23NOg (385.422): C, 65.44; H, 6.02; N, 3.64.
Pound: C, 65.31; H, 6.02; N, 3-33.
Benzyl 3 ,4-anhydro-2-benzyloxycarbonylamldo-2-deoxy-ft-D-allopyrano- 
side ( l i b ) :
OOThis conpound was prepared from lb (5 g, 0.0104 mol) by a procedure 
Id en tica l to  th a t used fo r the  preparation of the cCanomer to  give 
3.1 g (7355) of l ib :  np 109-110°, [ * ] ?  -  143 (0=1, Pyrid ine)(L iter­
a tu re1 np 108- 110° -142).
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Benzyl 6 -0 -acety l-3 , 4-anhydro-2-benzylo:xycarbonylamido-2-deoxy- 
cC-D-allopyranoside ( I l i a ) :
S ta rting  from Conpound I la  (0.5 g, 0.0013 mol), the procedure given 
fo r I l lb  gave 0.39 g (70%); np 106.5-107.5°, [<*]£* + 40.5 (C=l, Pyridine);
V l^x  3339 (NH)* 1731 (e s te r  c = 0 ) » l693> 1529 (anrLde C~ 0 )> 738 ’ 696 
(c6h5).
Anal. Calcd for C23H25N07 (427.44): C, 64.62; H, 5-90; N, 3.28.
Pound: C, 64.33; H, 6.07; N, 3.25.
Benzyl 6-0-acet,yl-3, 4-anhydro-2-benzyloxycarbon.ylamldo-2-deoxy- 
P-D-Allopyranoside ( I l lb ) :
A solution of conpound l ib  (3.0 g, 0.0078 mol) In pyridine (4 ml) 
was trea ted  with ace tic  anhydride (1.5 ml) a t -5°C (2 h r) . The solution 
was kept overnight a t room tenperature and was poured on Ice (25 g).
The resu ltin g  p rec ip ita te  was f i l te re d  and rec ry sta llized  from methanol 
to  give 2.95 g (86$): rrp 120.5-121°, [«£•]£* -  148° (0=1, Pyridine);
3285 (NH), 1740 (e s te r  C =0), 1690, 1545 (amide C =0), 757,
697 (C6H5).
Anal. Calcd fo r C2^ i2^NOj  (427-44: C, 64.62; H, 5.90; N, 3.28;
0 , 26.20. Pound: C, 64.65; H, 6.01; N, 2,86; 0 , 26. 69.
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Benzyl 3 .4-anhydro-6-0-benzyl-2-benzyloxycarbonylamido-2-deoxy- 
ft-D-allopyranoslde (IVb):
Benzyl bromide (2.3 ml, 0.019 mol), conpound l ib  (1 g, 0.0026 mol) 
BaO (2.75 g)> and BatOH^’Sf^O (0.1 g ), were s t i r r e d  in  dry dimethyl- 
formamide (5.0 ml) a t room tenperature (96 h r) . The barium sa lts  were 
removed by centrifuging. The supernatant liqu id  was f i l te re d  through 
cellu lose and poured in to  ice and water (30 ml). The resu ltin g  precip­
i ta te  was f i l te re d , washed with water and rec ry sta llized  twice from 
anhydrous ethanol (5 ml) to  give 0.18 g (14.5#): np 128. 5- 129° , [ c t ] V  
-  123 (0*1, Byridine); 3280 (NH), 1683, 1545 (amide C -0 ) , 738,
692 (C6H5).
Anal. Calcd fo r 02^ 2 9 m S (475.52): C, 70.72; H, 6.14; N, 2.94.
Found: C, 70.30; H, 6.11; N, 2.79-
Trim ethylsilyl Azide:
Sodium azide (15 g, 0.23 mol), b is (2-etbyoxyetbyl) e ther (10 ml) 
and tr im e th y ls ily l chloride (30 g, 0.28 mol) were heated a t 85° fo r 
3 h r. The mixture was d is t i l le d  and the frac tion  boiling  a t 93-97° 
was collected and re d is t i l le d  to  give 22 g (83$), bp 93-94° (L ite ra tu re ^  
bp 95°).
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Benzyl 4, 6-0-benzy11dene-2,3-dldeoxy-2,3-epimlno- oC-D- 
allopyranoside (V ia):
Benzyl 4 ,6-0-benzylidene-2-benzyloxycarbonylamido-2-deoxy-3- 0-  
mesyl-oC-D-glucopyranoslde^^(Va) (2.3 g, 0.0043 mol) was dissolved In 
dioxane (40 ml) and 0.65M sodium Isopropoxlde (20 ml. 0.013) was added. 
The so lu tion  was refluxed fo r 30 h r and evaporated in  vacuo to  dryness.
Ihe residue was shaken with water, f i l te r e d ,  and rec ry sta llized  from 
methanol to  give 1.0 g (68$): np 185-186°, [ec-Oo + 114 (0=1, Pyridine) j 
-tfhax 3300 (NH), 737, 693 (C6H5).
Anal. Calcd fo r C^H^NO^ (340.404): C, 70.57; H, 6.51; N, 4.12. 
Pound: C, 70.42; H, 6.53; N, 4.18.
Benzyl 4 ,6-0-benzylidene-2, 3-dideoxy-2, 3-eplmlno-ft-D- 
allopyranoslde (VIb):
This conpound described previously by Rhoads and Gross'*'-’ was prepared 
according to th e ir  procedure from benzyl 2-benzamido-4,6- 0-benzy11dene- 
2-deoxy-3-0-mesyl-p-D-glucopyranoside15(Vb) by a procedure Iden tica l 
to th a t used fo r the preparation of the oC-anomer (Via) np 148-150° 
(L itera tu re1^ up 149°).
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I I .  PREPARATION OF MATERIALS FOR COMPARISON TO PRODUCTS
Benzy 1 4, 6-0-benzylidene-2-benzy loxycartiony lamldo-2-deoxy-g-D- 
allopyranoside (V III):
Benzyl 2-amino-4,6-0-benzylidene-2-deo:xy-B-D-allopyranoside (VII 
(0.5 g, 0.0014 mol), CHCl  ^ (50 m l), 3% aqueous KHOOg (50 ml) and carbo- 
benzoxy chloride (0.25 m l), were s t i r re d  vigorously overnight a t room 
temperature. The CHClg layer was separated, washed with water and dried 
by f i l te r in g  through two layers of flu ted  f i l t e r  paper. The resu ltin g  
solution was concentrated in  vacuo. Addition of d iethyl e ther gave 
0.45 g (6558): np 204-206°, [cC ]?  -  64.5(C=1, Chloroform); 3311
(NH), 1694, 1544 (amide C-O) 741, 694 (C5H5).
Anal. Calcd for C2gH2gN07 (491.52): C, 68.42; H, 5-94; N, 2.85.
Found: C, 68.16; H, 6.10; N, 2.93*
Benzyl 2-benzyloxycarbonylamldo-2-deoxy-p-D-allop,yranoslde (IX ): 
Benzyl 4,6-0-benzylidene-2-benzyloxycarbonylamido-2-deoxy-p-D- 
allopyranoside (VIII) (0.4 g, 0.0008 mol) was dissolved in  g lac ia l 
ace tic  acid (15 ml) a t 90°C and H20 (8 ml) was added by drops over 
20 min. The solvent was removed a t 40°C in  vacuo. The residue was 
dissolved in  toluene and the toluene was evaporated under the same con­
d itio n s. The process was repeated u n ti l  no ace tic  acid remained. Re­
c ry s ta lliz a tio n  of the product from methanol and diisopropyl e ther 
gave 0.24 g (73$); rip 134-135°, Id i fo  -  70.0 (C=l,Pyridine ); Vfr5kx 3303 
(NH), 1689, 1533 (amide C=0) 729, 693 « # % ).
Anal. Calcd fo r C21H25N07 (403.42): C, 62.49; H, 6.25; N, 3-48. 
Found: C, 62.40; H, 6.23; N, 3-42.
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. Benzyl 2-benzyloxycarbonylamido-2-deoxy-j3-g- 
gulopyranoside (XIV):
Following the method Noorzad^ used to  prepare benzyl 4,6-0- 
benzylidene-cC-D-gulopyranosido-CB.S:*!’ .5 ’]-2 '-oxazolidinone, the p 
anomer was prepared In an analogous manner by dissolving benzyl (J-D- 
gulopyranosldo-[2.3:4, .5 ’ ]-2 ,-oxazolldlnone25(x)(5.9 g, 0.020 mol) In 
benzaldehyde (60 ml). Fused, powdered zinc chloride (6 g) was added 
to  the mixture. I t  was shaken a t room temperature fo r 72 hr and the 
so lu tion  was poured in to  a mixture o f d iethy l e th e r, hexane, and ice 
water (3 :l:3 )(l4 0  ml). The product was f i l te re d  and rec ry sta llized  from 
ethanol to  y ie ld  7 g> presumably benzyl 4,6-0-benzylidene-p-]>gulopy- 
ranosido [2 ,3 :4 '. 5 '^ '-o x a z o lid ln o n e  (XI): mp 227-228°, homogeneous
on t i c .
Conpound XI (5 g, 0.013 mol) was dissolved in  a solution of KOH 
(20 g) in  95% ethanol (75 ml) and refluxed fo r 6 h r . The solution was 
poured in to  hot water (300 ml) and cooled. The p rec ip ita te  was recrys­
ta l l iz e d  from methanol and then from toluene and heptane to  give 3 g> 
presumably benzyl 2-amLno-4,6-0-benzylidene-2-deoxy-p-D-gulopyranoside 
(XII): mp 186-187°, homogeneous on t i c .
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Compound XII (2.5 g, 0.0069 mol) was dissolved in  CHCl  ^ (100 ml) 
and added to  5% aqueous NaHCOg (50 ml). Carbobenzoxy chloride (1.6 g) 
was added and the mixture was vibrated overnight. The CHClg layer was 
separated and evaporated in  Vacuo a t room tenperature. The product was 
rec ry s ta llize d  from THF and diisopropyl e ther to  give 2.5 gj presumably 
benzyl 4 , 6-0-benzylidene-2-benzyloxycarbonylamido-2-deoxy-{J-D-gulopy- 
ranoside (X III): np 1^-145°> homogeneous on t i c .
Conpound XIII (1 g, 0.002 mol) was dissolved in  hot g lac ia l ace tic  
acid (35 ml) and H20 (20 ml) was added slowly. The so lu tion  was heated 
a t  90° fo r 30 min and evaporated in  vacuo three times u n til  no ace tic  
acid remained. The residue was dissolved in  methanol and water was 
added to  give an o i l .  The supernatant liqu id  was decanted and the o i l  
was s t i r r e d  with a mixture o f methylcyclohexane (40 ml) and H20 (20 ml) 
to  give a so lid . The so lid  was f i l te re d  and dried in  vacuo at 70° fo r 
2^ h r to  g ive0.15 g of (XIV): mp 100-102°, homogeneous on t ic .  The
i r  spectrum and physical constants of XEV prepared by th is  route were 
id en tica l to  those of conpound XIV formed from the hydrolysis of 
conpound (XXXI).
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Benzyl oC -D-p;lucopyranoside (XVI):
Benzyl 4,6-0-benzylidene-t£-D-glucopyranoside1^(XV')(l g9 0.0028 mol) 
was dissolved in  hot g lac ia l ace tic  acid (40 ml) and H2O (20 ml) was added 
over a 20 minute period. The so lution was heated a t 90° fo r an hour 
and evaporated In  vacuo. The residue was dissolved in  an ethanol-H20 
solution (5:1) and evaporated in  Vacuo two times. The product was re ­
c ry s ta lliz ed  from ethanol and diisopropyl e ther to  give 0.5 g (66%): 
np 120-121°, [eC]" + 136 (0=1, Pyridine); 742, 697 (C6H6).
Anal. Calcd fo r C13Hig06 (270.28): C, 57.76; H, 6 . 72. Pbund:
C, 57-73; H, 6.82.
Benzyl 4 ,6-benzylidene-tf-D-altropyranoside (XVIII):
Benzyl 2 ,3-anhydro-4,6-0-benzylldene- cC-D-allopyranoside ^ (XVII)
(^5 g, 0.0015 mol) was dissolved in  dioxane (9 ml) and K0H (.1.5 g) in  
HgO (13 ml) was added. The solution was heated in  a sealed flask  a t 
125° fo r 24 hr. The product p rec ip ita ted  upon addition of HgO. I t  
was f i l te re d  and rec ry s ta llize d  from CHC13 to  give 0.21 g (40#): mp
183-184°, [ o c f /  + 103 (0=1, Pyridine); 743, 699 (CgHg).
Anal. Calcd fo r C20H22Og (358.38): C, 67.02; H, 6 . 19.
Found: C, 66.80; H, 6.11.
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Benzyl oC-D-altrop.yranoside (XIX):
Conpound XVIII (Q2 g, 0.00056 mol) was dissolved in  hot g lac ia l 
ace tic  acid (7 ml) and HgO (3.8  ml) was added over a 15 minute period. 
The solution was heated a t 90° fo r an hour and evaporated in  vacuo.
The residue was dissolved in  an ethanol-HgO solution (5:1) and evap­
orated in  Vacuo two tin e s . The product was rec ry s ta lliz e d  from CHCl  ^
and dried In vacuo a t 45° to  g i v e  O.13 g  (87#): np 101- 102° , [cP ]^
+ 115 (C=l, Pyridine); • ^ ax 758, 708 (CgHg).
Anal. Calcd fo r C13Hl 80g (270.28): C, 57-76; H, 6.27. Pbund:
C, 57-59; H, 6.50.
Benzyl 3»^-anhydro-2-benzamldo-2-deoxy-P-D-allopyranoside (XXII): 
Benzyl 2-benzarrd.do-3-deoxy-3-0-methanesulfonyl-p-D-glucopyranoside 
(XXI)(0.5 g, 0.0011 mol) and le f t  overnight a t room tenperature. The 
solution was poured in to  water. The p rec ip ita te  was f i l te re d , washed 
with water and rec ry s ta llize d  from methanol/water to  give 0.29 g (7W : 
np 183-185°, [ o j *  -  11*2.8 (C=l, CHCI3) ; ^ &x 3261 (NH), 1638, 1536 
(amide C =0), 7H6 , 695 (CgHg).
Anal. Calcd fo r C20H21N05 (355-38): C, 67-59; H, 5-96; N, 3-95- 
Found: C, 67. M; H, 5-92; N, 3 . 89.
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Benzyl 3-0-ace tyl-2-benzy loxycarbonylamldo-2-de0:xy-6-0-p-toluene- 
sulfony 1-p-D-glucopyranoside (XXIV) :
Benzyl 3-0-acetyl-2-benzyloxycarbonylamido-2-deoxy-p-]>glucopyranoside 
(XXIII)(5 g, 0.011 mol) was dissolved in  pyridine (25 ml) and the solution 
was cooled to  0° in  an Ice bath. p-Toluenesulfonyl chloride (4 g)
In pyridine (12 ml) was added over a 20 min period. The so lution was 
l e f t  a t room temperature fo r 36 h r and poured In to  Ice water (100 ml).
The resu ltin g  o il  was separated and dissolved In hot ethanol. At 0° the
4 ,6 -d i-0 -tosy l derivative (XXIX) p rec ip ita ted  and was f i l te re d  o ff.
The f i l t r a t e  was concentrated, and the re su ltin g  p rec ip ita te  was rec ry s ta lliz e d  
from CHCl  ^ and dlisopropyl e ther to  give 3-25 g (49#): np 117- 118° ,
[<*]pr -  25 (C=l, fy rid in e ); 3300 (NH), 1736 (e s te r  C = 0 ),
1682, 1555, 1512 (amide C = 0 ), 1350 (S02), 744, 696 (CgH^.
Anal. Calcd fo r C^H^NO^S (599-63): C, 60.09; H, 5-54; N, 2.33;
S, 5-35- Pound: C, 60.43; H, 5-54; N, 2.39; S, 5-29-
Benzyl 3-0-acety1-2-benzyloxycarbonylamldo-2-deoxy-4,6-dl-0-p- 
toluenesulfonyl-p-D-glucopyranoside (X X IX ):
The 4 ,6 -d l-0 -tosy l derivative (XXIX) separated In the preparation 
of XXIV was rec ry s ta llize d  from ethanol to  g i v e  0 .97 g  (11$): np 158-159°,
[<*]}* -  8.5 (C=l, Pyridine); 3397 (NH), 1755 (e s te r  C = 0 ) ,
1695, 1522 (amide C =  0) 1265 (S02) 737, 697 (C6H5).
Anal. Calcd fo r C37H39N012S2 (753-82): C, 58. 96; H, 5-22; N, 1.86;
S, 8.51. Found: C, 59-24; h , 5-03; N, 1.88; S, 8.52.
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Benzyl 2-amlno-3, 6-anhydro-2-N: 4-0-carbonyl-2-deo;xy-ft-D-gluco- 
pyranoslde (XXV):
Following the procedures of Foster, e t .  a l . , fo r  the preparation 
of methyl 2-amino-3, 6-anhydro-2-N: 4-0-carbonyl-deoxy- «c-D-giucopyrano- 
s id e ,2^ conpound XXXV (2 g, 0.0033 mol) was dissolved in  ethanol (20 ml) 
and N KOH (10 ml) was added. The solution was refluxed fo r 30 min 
and then cooled. The p rec ip ita te  was f i l te re d  o ff  and washed with 
ethanol to  give 0.53 g (58*): np 235-236°, [e c ] lf  -  172 (0*1, Pyridine);
•Vfcx  3322 (NH) 1722 (es te r C = 0 )  754, 704 ((#% ).
Anal. Calcd fo r (277-27): C, 60.63; H, 5.45; N, 5.05-
Found: C, 60.83; H, 5.24; N, 5.07.
Benzyl 2-amino-3,6-anhydro-2-deoxy-ft-D-glucopyranoside (XXVI):
Conpound XXV (0.4 g, 0.0014 mol) was dissolved in  methanol (10 ml) 
and KOH (2.17 g) in  HjO (3 ml) was added. The solution was heated
a t  70° fo r 15 h r and evaporated in  vacuo. The residue was c ry sta llized
from H20 to  give0.i6 g (49%): np 172-173°, -  1I19.5 (0=1, CH30H);
3301 (NH) 737, 692 (c6H5).
Anal. Calcd fo r C ^^N O /, (251.28): C, 62.12; H, 6.82; N, 5.59.
Found: C, 62.22; H, 6.82; N, 5.61.
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Benzyl 3 ,6-anhydro-2-benzyloxycarbonylamido-2-deoxy-ft-D-gluco- 
pyranoslde (XXVII);
Conpound XXVI (0.05 g, 0.0002 mol) was dissolved In ethylenedlchloride 
(10 ml) and added to  2.5$ aqueous NaHC03 (3 ml). Carbobenzoxy chloride 
(0.036 g) was added and the mixture was vibrated overnight. The 
ethylenedlchloride layer was separated and evaporated in  vacuo a t room 
temperature and the re su ltin g  o i l  so lid if ie d  with addition of diisopropyl 
e ther to  give 0.0*1 g (52$): mp 147-148°, i & f f  -  98 (0=1, CHClg);
3360 (NH), 1677, 1511 (amide C =  0) 744, 696 (CgHg).
Anal. Calcd fo r C^H^NOg (385.*12): C, 65.*1*1; H, 6.02; N, 3.64. 
Found: C, 65.11; H, 6.02; N, 3-56.
Benzyl 3,6-anhydro-2-benzamido-2-deoxy-p-D-glucopyranoside (XXX): 
Conpound XXVI (0.2 g, 0.0008 mol) was dissolved in  ethylenedlchloride 
(10 ml) and added to  2.5$ aqueous NaHCO^  (4 ml). Benzoyl chloride 
(0.1 ml) was added and the mixture was vibrated overnight. The ethylene­
dlchloride layer was evaporated In vacuo and the product was rec ry sta l 11zed 
from ethanol and CHCl  ^ to  give 0.18 g (63$): np 184-185°, LcCId -  156 
(0=1, Pyridine); 3238 (NH), 1633, 1522 (amLde C =  0) 740, 690
(c6h5).
Anal. Calcd fo r C20H21NO5 (355-38): C, 67. 58; H, 5-96; N, 3-95. 
Found: 0,67-71; H, 5-96; N, 3.84.
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Benzyl 2-benzyloxycarbonylamldo-2-deoxy-6-Q-p-toluenesulfonyl- 
p-D-glucopyranoside (XXVIII):
Conpound XXIV (3*5 g, 0.0058 mol) was dissolved In methanol (30 ml) 
a t  room tenperature and KOH (1 g) in  ^ 0  (20 ml) was added. P recip ita­
tio n  occurred almost immediately and the p rec ip ita te  was f i l te re d  o ff
and washed with a mixture of H20 and methanol (1 :1). The product was
rec ry sta llized  from isopropanol to  give 2.2 g (63$): mp 1*19-150°,
l o C lV  -  16 (C=l, Pyridine); 3*116 (NH) 1688, 1525 (amide C =■ 0)
1360 (SO2) 731) 693 (CgHp.). The te s t  fo r su lfu r was positive .
Artal. Calcd fo r C2gH31N09S (557-60): C, 60.21; H, 5.60; N, 2.51;
S, 5.76. Pound: C, 59.86; H, 5-22; N, 2.70; S, 5 . 81.
The f i l t r a t e  from the above reaction was le f t  a t room temperature 
3 days and p rec ip ita tio n  occurred. The p rec ip ita te  was f i l te re d  and 
rec ry sta llized  from toluene to  give 0.16 g: np 1*17-1*18°. I t  was
homogenous on t ic  with physical constants and an i r  spectrum id en tica l 
to  conpound XXVII.
Further p rec ip ita tio n  from the f i l t r a t e  from the above reaction 
gave mixtures of XXVII and XXV as shown by t ic .
I I I .  REACTIONS OP EPOXIDES WIIH BORON COMPOUNDS
Reaction of Benzyl 3 .4-anh.vdro-2-benzyloxycarbonylamido-2-deoxy- 
p-D-allopvranoside (lib ) with phenvlboronic ac id .
Phenylboronic acid (2.9*1 g, 0.02*11 mol) was dissolved in  benzene 
(300 ml) and the benzene d is t i l le d  o ff  to  remove water. The resu ltin g  
phenylboronic anhydride and l ib  (5 0.013 mol) were dissolved in
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toluene (50 ml) and heated a t  100° fo r 3 h r. Petroleum e ther was added 
to  the hot reaction  so lu tion . A fter cooling, an o i l  which gradually 
so lid if ie d  came out of the so lu tion . The mixture was f i l te re d  to  give 
a so lid  m aterial (A, *1.38 g) and a f i l t r a t e  (B). The so lid  A was 
separated by preparative t i c .  Hie t i c  p la tes  were developed successively 
with petroleum e th e r, chloroform/petroleum ether ( 1 :1) , chloroform.
One frac tion  (1.31 g) had the following p roperties: np 162.5-16*1°,
-  97-5 (C=l, CHC13) j 3*186 (OH), 3303 (NH), 1689, 1522
(amide C : 0 ) ,  735, 693 (CgHg).
Anal. Calcd fo r a benzyl anhydro-2-benzyloxycarbonylamido-2- 
deoxy-hexoslde Cg^ Hg^ NOg (385.*12): C, 65.*1*1; H, 6.02; N, 3-6*1.
Found: C, 65**12; H, 6.11; N, 3-6*1.
Benzyl 2-benzyloxycarbon.ylamido-2-deoxy-*l,6-0-phenylboronate-P- 
D-gulopyranoside (XXXI):
The f i l t r a t e  B from the reaction  of l ib  with phenylboronic anhydride 
was evaporated leaving a residue (3-65 g)- I t  was dissolved in  hot 
methanol and water (1:1) and extracted with chloroform. The chloroform 
ex trac t was rec ry s ta lliz e d  from methanol to  give 0.39 g (5-7#): np 
171.5-172.5°, ioC]V -  66.5 (C=l, CHCI3) ; 3*122 (NH), 171*1,
1*189 (amide C ^ 0 ) ,  1*130 (B-C6H5), 1313 (B -0 ) , 7*11, 693 (CgH5).
Anal. Calcd fo r C27H28BN07 (*189.31): C, 66.27; H, 5-77; B, 2.21;
N, 2.86. Found: C, 66.89; H, 5-86; B, 1.95; N, 2.93-
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Benzyl 2-benzyloxycarbonylamido-2-deoxy-ft-I>-gulopyranoside (XIV): 
Conpound XXXI (0.75 g, 0.00153 mol) was dissolved in  1,3-propane- 
d lo l (8 ml) and g la c ia l ace tic  acid (1 ml) was added. A fter refluxing 
fo r 2 h r the solution was extracted with CHClg. Evaporation of the 
ex trac t gave an o i l  th a t was c ry s ta llized  from methanol and water.
The c rysta ls  were dried in  vacuo a t  80° to  give 0.30 g (48$): np 
99-100°, [oC]JX -  78 (C=l, CHC13); 3317 (NH)> l687> 1511 (aMde
C = 0 ) ,  730, 693 (c6h5).
Anal. Calcd fo r C21H25N07 (403.4): C, 62.52; H, 6.25; N, 3.48.
Pound: C, 62.83; H, 6.40; N, 3-55.
Reaction of Benzyl 6-0-acetyl-3,4-anhydro-2-benzyloxycarbonylamldo- 
2-deoxy-P-D-allopyranoside ( I l lb )  with phenylboronic acid.
Conpound -Illb (0.8 g, O.OOI87 mol) was reacted under the same 
conditions as conpound l ib  with phenylboronic acid (1.6 g, 0.013 mol). 
Treatment of the reaction solution with petroleum ether (20 ml) pre­
c ip ita ted  a mixture (0.8 g). By preparative t i c  a frac tion  could be
2 $
iso la ted  which had the following p roperties; np 95- 97° , [eC]o -  58 
(C=l, CH3OH); -pftax 3311 (NH), 1728 (e s te r  C =  0 ), 1694, 1528 (amide 
C =  0 ) ,  730, 693 (c6h5).
Anal. Calcd fo r  a benzyl 0-acetyl-2-benzyloxycarbonylamido-2- 
deoxy-hexoside-HgO C23H29NO2 (463*5): C, 59*60; H, 6*31; N, 3*03*
Found: C, 59*87; H, 6.26; N, 3*18.
Deacetylation of th is  m aterial gave a substance homogenous on t i c  
with an R-f value equal to  tha t of conpound IX.
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Benzyl 2 ,3-anhydro-p(-D-allopyranoside (XXXIII):
Benzyl 2,3-anhydro-4,6-benzylidene-0(-D-allopyranoside1  ^ (XVII)
(0.5 g, 0.0015 mol) was dissolved In nltromethane (7 ml) and boron aceta te  
(0.5 g) was added. The mixture was heated a t 70° fo r 6 h r and the so lu tion  
decanted from undissolved boron aceta te . The so lution was evaporated
In vacuo to  give a m ixture. The mixture was separated by preparative
t ic  to  give 0.1 g mp 108-109°, [0< ]jj* + 95 (C=l, Pyridine);
^  max 3365 (NH) 728, 694 ((#% ).
Anal. Calcd fo r C-j^H^gO^ (252.26); C, 61.90; H , 6.39. Found:
C, 61.74; H, 6.35.
The benzylidene group of XVII was a lso  removed with CH^ COOH and 
H2O to  give a product th a t had physical data and an i r  spectrum id en tica l 
to  XXXIII.
IV. TRIMETHYL3ILYLATI0N OF BENZYL 3,4-ANHYDRO-2-BENZYLOXYCARBONYLAMIDO- 
2-DEOXY- p -D-ALLOPYRANOSIDE
Benzyl 3 ,4-anhydro-2-benzyloxycarbonylamldo-2-deoxy-6-Q-trimethyl- 
sily l-P -D -allopyranoside  (XXXII):
A so lu tion  of conpound l ib 1 (0.49 g, 0.0013 mol) in  (CH^SiN^
(5.0 ml) was refluxed fo r 7*5 h r. The excess (CHg^SiNg was d is t i l le d  
o ff  under reduced pressure. Hexane was added to  the remaining syrup and 
the mixture was kept a t room temperature fo r 2 h r. The c ry sta ls  were 
f i l te re d  o ff  and rec ry s ta lliz e d  from methanol and water to  give 0.28 g 
(48%): mp 81-82°, [o< -  134 (C=l, Pyridine): 3294 (NH),
1683, 1539 (amide C =* 0 ) , 1090 (Si — 0 ), 752, 695 (CgH5).
Anal. Calcd fo r C2/|H31N06Si (457-61): C, 62.99; H, 6.83; N, 3.06. 
Found: C, 62.92; H, 6.93; N, 3.44.
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V. REACTION OP BENZYL 4,6-0-BENZYLIDENE-2,3-DIDEOXZ-2, 3-EPIMINO- 
CC-D-ALLOPYRANaSIDE WITH HN02
Benzyl 4 ,6-0-benzylidene~2,3-dideoxy- oCf-D-erythrohex-2-enopyrano- 
side (XXXIV):
Conpound Via (1 g, 0.0029 mol) was dissolved In a so lution of 
dioxane (35 ml), HgO (3.5  ml), g lac ia l ace tic  acid (4 m l), and KN02 
(2 g) a t  room tenperature. A fter 6 h r H20 was added and the product 
was f i l te re d  and rec ry s ta lliz e d  from methanol to  give 0.93 g (98%): 
mp 1113-1115°, [oC]JS + 80.5 (C=l, Pyridine); 746, 692 (C g iy .
Anal. Calcd fo r C20H2(p iJ (324.36): C, 74.06; H, 6.21. Found:
C, 73.50; H, 6.21.
Benzyl 4,6-0-benzylidene-0(-D-mannopyranoside (XXXV):
Compound XXXIV (.75  g , 0.0023 mol) was dissolved in  dioxane (75 ml) 
in  an ice  bath and 2% KMnO^  (100 ml) was added over a two hour period. 
The so lution was evaporated in  vacuo and the residue was rec ry sta llized  
from d iethy l e ther and petroleum ether to  give 0.25 g (30#): np 145- 
146°, [ t f ] "  + 50 (0=1, Pyridine); 748, 698 (Cgf^).
Anal. Calcd fo r C2QH220g (358.38): C, 67*02; H, 6.19. Pound:
C, 66.73; H, 6.07.
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Benzyl oC-D-mannopyranoside (XXXVI):
Conpound XXXV (0.15 g, 0.0004 mol) was dissolved in  g lac ia l ace tic  
acid (6 ml) and H20 (3 ml) was added over a 20 min period. The so lution 
was heated a t 90° fo r 30 min and evaporated in  vacuo. The residue was 
dissolved in  toluene and the so lution evaporated in  vacuo three times.
Ihe product was rec ry s ta llize d  from isopropanol and dilsopropyl e ther 
to  give 0.09 g (79%): np 132-133°, [ « * ] +  71 (C=l, H20); ( l i te ra tu re 57: 
np 131-132°, [cCll* + 74 (0*1.3, H20).
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CHAPTER IV
SUMMARY
Carbohydrate epoxides and epimines are often interm ediate substances 
in  the preparation of epimeric sugars. The usual methods of opening 
the epoxide or epimine rings of these interm ediate substances involve 
the use of a strong base or acid. Protective groups may be removed 
under these conditions. The rea c tiv ity  of epoxides and epimines was 
investigated  with reagents th a t were n e ith er strongly basic nor acid ic .
A novel epoxide ring  opening of benzyl 3> 4-anhydro-2-benzyloxy- 
carbonylamido-2-deoxy-p-D-allopyranoside (lib ) was effected  by phenyl­
boronic anhydride in  toluene. One of the products was demonstrated to 
be benzyl 2-benzyloxycarbonylamido-2-deoxy-4,6-0-phenylboronate-p-D- 
gulopyranoside. Another iso la ted  product, while not Id en tif ied , has 
the properties of an anhydro-sugar d iffe ren t from the s ta r tin g  m aterial.
Benzyl 6-0-acety1-3 , 4-anhydro-2-benzyloxycarbonylamido-2-deoxy- 
p-D-allopyranoside ( I l lb )  also underwent epoxide ring  opening in  reaction 
with phenylboronic acid. An iso la ted  product had the properties o f a 
benzyl 2-benzyloxycarbonylamido-2-deoxy-hexoside with p roperties d ifferen t 
from the properties of the compounds iso la ted  from the reaction  of lib  
with phenylboronate. This indicated th a t the substituen t a t the 6- 
position  played an inportant ro le  in  the 3,4-epoxide ring  opening.
Deacetylation of the  product iso la ted  from the' reaction  of I l lb  
gave another substance th a t had an R  ^ value on t i c  id en tica l to  benzyl 
2-benzyloxycarbonylaxnido-2-deoxy-p-D-allopyranoside (IX). This product
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could have resu lted  from a c ls -openlng of the epoxide ring  by assistance 
from coordination with the boron conpound. Such an opening is  highly 
unusual and i t s  confirmation requires fu rth er study. A complex neigh­
boring group e ffec t from the acety l group may be involved.
Ihe 2,3-epoxide ring  of benzyl 2,3-anhydro-*t,6-0-benzylidene-cC- 
D-allopyranoside (XVII) was shown to be remarkably stab le  in  a reaction 
with boron acetate  in  nitromethane. Ihe product retained  the epoxide 
ring  under conditions th a t removed the benzylidene group.
The order of ring  closure of the carbonyl- and anhydro- rings of 
benzy 1 2-amino-3, 6-anhydro-2-N: il-0-carbonyl-2-deoxy-p-D-glucopyranoslde 
(XXV) was determined. An interm ediate with the 3j6-anhydro struc tu re  
was iso la ted  (XXVII). This intermediate was then changed to  the carbonyl 
conpound XXV.
Trim ethylsilyl azide was prepared in  good y ie ld  in  a mild, d irec t 
method. The azide was then used to  prepare a new, low-melting conpound 
by trim eth y ls ila tio n  of the 6—OH group of l ib .  The epoxide function 
remained unchanged under the conditions o f th is  new trim ethy lsily la tion  
method.
The epimine ring  of benzyl 4,6-0-benzylidene-2,3-dideoxy-2,3-epimino- 
oC-D-allopyranoside (Via) did not react with phenylboronate. However,
Via was deaminated by HNC>2 to  give the 2,3-unsaturated derivative (XXXTV). 
This derivative was then c is -hydroxylated with KMnOjj to  give benzyl
4 ,6-0-benzylidene- cC-EMnannopyranoside.
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